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Abstract — Digital Modulators along with RF up converters 
are used in Trans-modulation applications to convert one form 
of signal in to another form. The output from the Modulator 
needs to be processed further to use in DVBC or DVBT 
applications. Modulators used for commercial applications in 
TV band need to be designed carefully since the effect of 3 rd 
harmonic generally affect the quality of the signal. This 
technical paper addresses the issues in handling the modulated 
signal for the commercial use. 


Index Terms — High Definition (HD), Intermediate 

Frequency (IF), Network Interface Module (NIM), 


I. Introduction 

Trans-modulation is a process of converting one form signal 
in to another form where in digital modulators are used. The 
Digital modulator may be stand alone silicon or a 
programmable type modulator. Any commercially available 
silicon can be used for this purpose. However in many cases 
the output from the Modulator will be either ZIF or LIF. 
Hence to upscale the modulator output, it is essential to use 
RF up converters. Typically to handle I & Q signal, it is 
essential to use IQ modulators. However during the 
modulation, the distortions due to 3 harmonics can not be 
ignored. An exclusive circuit component needs to used 
suppress these harmonics. Once the harmonics are 
suppressed, the signal can be amplified to use in DVBC or 
DVBT applications. 

There are different types of signal sources like DVBC, 
DVBT or DVBS, which need to be accessed by the receivers. 
When it comes to TV program broadcasting, there are three 
different types of distribution mechanisms which are in place 
as on today, namely, over the air (OTA) terrestrial method, 
direct to home (DTH) satellite method, Operator-specific 
Cable Television (CATV) method. [1] Types of signal 
reception can be listed as follows: 

• Receiving the digitized signal from Satellite using 
DVBS Set top box 

• Receiving the digital Cable signal through DVBC 

Set top box 

• Terrestrial signal reception using DVBT Set top box 

• Digital signal reception in Hand held devises such 
as mobile phones 
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• Digital signal reception in PC / Computers 

By using Trans-modulators, the required form of signal can 
be obtained. For example DVBC 64 QAM signal can be 
tran-modulated in to QPSK signal or to any other required 
form. It is process of re constructing signal, which can be used 
to for redistribution as per the user need or requirement. 

Generally the transport stream from the demodulator 
section of the receivers will be taken as input to the 
modulator. The modulated signal is transmitted over cable or 
it can be retransmitted over air using small antenna. Power 
amplifier can be switched on to get the required amplified 
signal, which need to be decided based on the range of signal 
transmission required. Since the sources of contents are 
available in different forms like DVBC/T/S/ or in the form of 
IP data, the receivers need to have capabilities to work with 
different signal sources. It will be very useful for the users if a 
single receiver can do multiple functions. This is only 
possible by designing front-end Network Interface Module 
(NIM) with enhanced capabilities to access different signal 
sources. Trans-modulation is an one of the additional 
requirement which can be incorporated at NIM architecture. 
Network Interface Module (NIM) is a front-end channel 
receiver block in the HD receivers and Set Top Boxes (STB). 
NIM selects the required channel from the available input 
frequency spectrum and down coverts it to an Intermediate 
frequency. [3,4] 

II. The design concept 

Commercially available modulators used in digital 
environment today will take Transport streams (TS) as input. 
Programmable Modulators work on SDR (Software defined 
Radio) based technology, where in the required output can be 
changed by changing the software. The output from the 
modulator will be ZIF or LIF, which need to be processed 
further using RF up converters. The below block diagram in 
Figure 1 shows the interfacing of Modulators with IQ RF up 
converter. 
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Figure 1: RF modulator and IQ modulator interface 

RF Modulator: 
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Programmable RF modulator can be connected to USB 
port through USB controller silicon. Transport stream is taken 
as input and operation is controlled through IIC. Universal 
modulator silicon can be programmable for different types 
like QAM, ATSC, QPSK etc. The output of the modulator is 
ZIF or LIF which need to be scaled up in further sections of 
the module. The programmable architecture of Software 
Radio promotes a flexible implementation of modulation 
methods. This flexibility also translates into adaptively, which 
is used here to optimize the throughput of a wireless network, 
operating under varying channel conditions. [2,5-7] 

RF up converter: 

Suppose if the out put from modulator is I and Q 
differential signals, then we need to use IQ modulator to 
handle these signals. To get DVBC or DVBT signals for a TV 
band usage, we need to use IQ modulators silicon like 
RF2080 or TRF372017. These IQ modulators are also called 
as RF up converters since the base band frequency is 
transformed in to TV channel frequency range. The output 
from IQ modulator will be in the range of 50 MHz to 4 GHZs 
depending on the specification of the modulator. 

However for DVBC/T TV channel applications, the range 

rrl 

from 50 MHz to 900 MHz is desirable with suppressed 3 
harmonic components. [8] Device programming is done 
through simple 3 wire serial interface. RFMD2080 has 
integrated VCO inside the silicon along with fractional N- 
Synthesizer, which can give RF output of 45 MHz to 2700 
MHz. 

The modulator output is differential and requires a balun 
along with simple matching circuit. The modulator output is 
high impedance, consisting of approximately 2K Ohm 
resistance in parallel with some capacitance, approximately 
lpF. The modulator output does not require a conjugate 
matching network. It is a constant current output which will 
drive a real differential load of typically 200 Ohms. Since the 
mixer output is a constant current source, a higher resistance 
load will give higher output power and gain. A shunt inductor 
can be used to resonate with the mixer output capacitance at 
the frequency of interest. This inductor may not be required at 
lower frequencies where the impedance of the output 
capacitance is less significant. [9] 

III. HARMONICS SUPRESSION 

Suppose the RF up converter works in the range of 50 to 900 
MHz, then we need to suppress the 3 harmonics in this entire 
range. Theoretically, the odd harmonics generated during the 
mixing process will have higher amplitude and these signals 
are the major concerns to affect the quality of the signal, 

For example, if the desired channel is tuned to 50 MHz, 
then the 3 harmonics will appear at 150 MHz, whose 
amplitude is good enough to distort the desired signal. Hence 
the suppression of these harmonics is very much essential. 
[10-12,14]. But for each input signal, we cannot have Low 
pass filter to block the harmonics, which is practically not 
feasible. Commercially available IQ modulators output is not 
free from 3 ld harmonic signals. Hence if we directly amplify 
the output from IQ modulator, the signal quality will suffer 
because of harmonics. 


Let us take an example of handling signal from 50 MHz to 
1GHz., which is generally used for TV channel transmission 
We can use following filter banks to address the entire desired 
range as given in Tablet. 


Table 1: Filter specifications for harmonics suppression 


Filter 1 

Operating input frequency range: 

50 MHz to 90 MHz 


Pass band 

Oto lOOMHzs 


Image supression (Min 40 dB) 

For the range 135 to 300 MHz 

Filter 2 

Operating input frequency range: 

91 MHz to 190 MHz 


Pass band 

Oto 200MHzs 


Image supression (Min 40 dB) 

For the range 250 to 600 MHz 

Filter 3 

Operating input frequency range 

191 MHz to 390 MHz 


Pass band 

0to400MHzs 


Image supression (Min 40 dB) 

For the range 500 to 1200 MHz 


Filter 1 has pass band of 0 to 100 MHz, which will be 
switched on for the frequency from 50 to 90 MHz.. At this 
frequency range, the maximum harmonic frequency fall at 
300 MHz for 100 MHz input. This filter should be able to cut 
off image by at least 40 dB. 

Filter 2 has pass band of 0 to 200 MHz, which will be 
switched on for the frequency range from 91 to 190 MHz. 
When the input is 190 MHz, the 3 ld harmonic will be at 570 
MHz. Since this filter has capability to attenuate 40 dB for the 
frequency range from 250 to 600 MHz, the required 
specifications of image suppression is possible till input 
frequency of 190 MHz. 

Filter 3 has pass band of 0 to 400 MHz, which will be 
switched on for the range from 191 to 390 MHz. When the 
input is 390 MHz, the 3 rd harmonic will be at 1170 MHz. 
Since this filter has capability to attenuate 40 dB for the 
frequency range from 500 to 1200 MHz, the required 
specifications of image suppression is possible till input 
frequency of 390 MHz. 

Above 390 MHz, the harmonics is falling above 1100 
MHz, which is not in the operating range of Cable or 
Terrestrial TV channel band. Hence no need to use any filter 
to suppress the harmonics for the input frequency range from 
390 to 900 MHz. 

However we can have final filter LPF4 at the output to cut 
off frequencies beyond 1000 MHz. The filter banks to be 
switched depending on selected frequency range what is 
discussed. Suitable RF switch with 4 pole can be used for this 
purpose. [13]. 

Figure 2 shows the arrangement of filter banks along with 
the RF switch. RF switch used has 4 selection positions, 
which can be selected digitally. In the 4 th position, no low pass 
filter is used for the frequency above 390 MHz. 

With 7 pole type filters, the better suppression of minimum 
40 dB can be achieved. Low insertion loss is the key 
characteristic of the required filter, typically less than 0.3 dB). 
Programmable digital filters also can be used for these 
applications 
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Figure 2: Block diagram filter bank arrangement 

RF switch: 

CMOS RF switch of 4 pole type is used in this application. 
Port selection is possible by using 2 select lines. Logic control 
of 00, 01,10 and 11 can be used for selection of 4 different 
positions. 


IV. INTEGRATION OF THE BLOCKS 

Integration of RF modulator and up converter blocks with 
Filter bank and RF amplifier is shown in Figure 3 



Figure 3: Integration of RF modulator and up converter blocks with 

Filter bank and RF amplifier 

The modulator will take digital transport stream from the 
demodulator and gives out I and Q signal, or low IF signal. 
Universal Modulator SOCs are used for this purpose, which 
adds flexibility to tans modulate the frequency. The IQ signal 
lines are connected to IQ modulator section to get the RF 
output. To suppress 3 harmonic components during mixing 
at IQ Modulator, a filter bank is attached at the output of 
modulator. The power amplifier will be used to amplify the 
RF in case if it needs to be transmitted over air locally. The 
signal regeneration has many applications. Depending on the 
requirement, signal can be internally regenerated which can 
be accessed by other equipments in the home. 

Amplifier: 

Linear amplifier which can work for th entire frequency range 
of 50 to 1000 MHz is used. RDA2032Z is used for this 
application. (Gain max is 38.8 dB at 140MHz) [9] 


V. RESULTS 

The RF output levels from the IQ modulator / RF up 
converter is captured here for reference for the different 
modulated signals. For example, DVBC and DVBT at 
different frequencies are captured in Figure 4 to Figure 7. 
Figure 8 and Figure 9 show the RF modulator ZIF out put for 
DVBC and DVBT signals respectively. 



Figure 4: RF up converter out put (DVBC, 256 QAM, symbol 

rate:6952 Msps @100MHz 



Figure 5: RF up converter out put (DVBC, 256 QAM, symbol 

rate:6952 Msps @ 850 MHz 



Figure 6: DVBT 8MHz, Mode -8K, 64 - QAM @65MH 
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Frequency: 400 MHz RRW: 60 kHz 

Span: 12 MHz Trace 1: (Normal) 

Input Att: 12 dE Traced: (Off) 



Channel Power: -20.64 dBm 

Density: -83.67 dBm/Hz Channel Bandwidth: 8 MHz 

Spectrum Analyzer: Channel Power • Channel Bandwidth (MHz): 8 


Figure7 : DVBT 8MHz, Mode -8K, 64 - QAM @ 400 MHz 
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RBW: 30 kHz 

Span: 

6 MHz 
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— 

T race 2: (Off) 
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Start: 0Hz Stop 6MH; 
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Spectrum Analyzer: Channel Power 


Figure 8: ZIF output from the modulator for DYBC 
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Density: -83.33 dBm/Hz 
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Spectrum Analyzer: Channel Power 

• Center Freq (MHz): 

3 



Figure 9: ZIF output from the modulator for DVBT 

The above captured waveforms are taken before the signal 
amplification. With amplifier, the output level will can be 
increased to -5 dBm to 0 dBm, depending on the gain setting. 


Table 2 shows the SNR for the different frequencies of DVB C 
and DVBT signal. 

Table 2: SNR for DVBC /T 



VI. CONCLUSION 

Modulators used for commercial TV channel distribution 
must be of good quality output. The problems due to 
harmonics can be minimised by using filter bank circuits, 
which can give image suppression of 40 dB. The output from 
the amplifier can be DVBC or DVBT depending on the 
modulation used in the first stage. For Terrestrial 
transmission, the amplifier at the output stage is essential. By 
using suitable antenna at the output of ampler stage, the signal 
can be transmitted over air for the DVBT applications 
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